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SPECfFICATION 

Method of controlling an output of an in^, 
"fj combustion engine an^Ta^tS^" 

BACK^OUND OF THE INVENTION 

hng an output of an Internal combuSon^ 
gine and/or a variable disDlacerrmnTi^ll^ 
pump driven by the e^'^'^ii^ 

^onengino or a pomp driven by the engSf 

9ft ?L "^P*'"" of the Prior Art: 

rJr'^.u ^" ^'t^™' combustion en- 

gm of the type which is controlled n^^coT- 
danco with a specific pattern Irrespective oT 

tZ,t!!T ? requlremem of a 

2B !?™*»'''/'«P^'»'n8nt hydraulic pump (herein- 
^rH^^ to sin^piy as the variable pZpl 
wh.ch ,s driven by the engine, i.e.. its buil^S 
Asplacernent multipHed by its output pressure. 
l^H^^ "squlroment of the variabte pomp 
B alt^ed by a mode selector control device 
30 to maintain ,he fuel consumption of 4 en|ine 
at a tow level. See European Patent App^t- 
ton Pubfication No. 0 156 399 by the Mme 
appncant as the applicant of this IpplicatioT 

35 d„Hi ' l^^ " deSice ih- 

35 eluding a mechanical all-speed type governor 
The curve b in Fig. 1 is a^ove^^ con^ 
cun« end each of curves a, to a^ showsa 
specific amount of fuel consumed by the en- 
gme in such a way that its fuel consumption 
40 decreases m the order of curves a, toT The 
fuel consumption of the engine is alwayi fixed 

curve b. For example, it is shown by the 
curve a, at a rated point C on the curve 6. 
45 The woric (mode) of the variable pump 
which IS driven by the engine having such 
governor control characteristics may, for 
example be variable in three stages, i.e.. a 
50 "1°^ " '"«*l'"'»-load mode 

?Zf „ u'^'"*' ^« ''•^own in Fig. 2 

csToov^SJtr?'"* controlled by the mechani- 
^rT^A i "P?^**"" « Po'"»s C (rated 
point). S and L on the governor control curve 

to^uK K has an output 

SI fr*"" mode to 

arwther. though the number of revolutions of 
the engine is maintained substantially at a 
constant level. y a 

^ „»ri=M ^ ~«H"rement of the 

■ , P"*"? also differe greatly from one 

mode to another, as shown in Rg 2 As the 
variable pump is so designed as to sh^ Z 
best efficiency in one of its modes, for 
85 example. M.. its efficiency greatly differe from 



6B21717B7A 1 

one mode to another. Therefore, it has the 
fhTtT'^'^ "^'^ the <^tput of 

Xrr: ^ ^ ^^e mSdes ^ 

variah?„ ™ '^^i*'] "0- 2 is a cun^e of equal 

oumo .»'^r'' ^?"=y- The efficiency of the 

in 2 " «"»h " decrease 

m the radius of curvature of the curves 

75 J^"'^"^': <^ the engine by the 

75 conventional mechanical governor has tfiB dL 
advantage that the engini conSumS a fargf^ 



^ *"J*J*^«^ OF THE INVENTION 

iJt'^V^'^ circumstances, it is a first ob- 
loct Of the present invention to provide a 

"""^""'"S «"«P"t of an internal 
8S noC^^*^" P'""'"^ an electonic 

I^^T^Jl to reduce 

ence between curves of equal pump output 

°* *a outpu? pr^^rS a 

vanable pump multiplied by its buih-In ds- 
90 1^^!^* expressed as cc/rev. is constant) 

adifference between torque requirements of 
we pump from one mode to another, the en- 
gine IS operated in such a manner th^ an 
output torque of the engine in a range of high 

tl5!f m«H » P°'™ Of eaVhT 
the modes « altered to that at a given point 
on a curve of equal horsepower (along 
the output torque of the engine mult^ied by 
the number of revolutions of the engine is 
100 constant) in each mode where is n^Mhe 

rnaximum output torque point of the engine on 
the equal horsepower curve in each mode and 
has fuel consumption lower than that In the 
ine "?^? 'he high speed revolutions. 
lOb It is a second object of the present inven- 
»on to provide a method of comroiling an out- 
put of an internal combustion engine provided 
WRn an electronic governor for lowering the 

no Ilir.^?.!'^.?'"'*""* the engine in accor- 
110 dance With a drop of its output torque below 
a pradetennined tevel in order to reduce its 
fuel consumptlbn and the noise which its pro- 
duces, when it is operating at a low load 

1 IB t/. JL? ^ **' the present invention 

1 IB to provide a method of controlling an output 
of an mtemal combustion engine provided 
with an electronic governor and an output of a 
vartable pump driven by the engine, which is 
I9r» J?. """nteining a sv«sh plate for 

120 the vanable pump at a maximum angle to 
minlmire its built-in displacement at a low 
load, increasing the output torque of the en- 
gine along a curve of equal horsepower within 
12S f. P'«detem»ined range of equal fuel consump- 
tion to increase an output pressure of the 
pump, and decreasing the angle of the swesh 
plate, while maintaining the output torque of 
the engine at its increased level, to decrease 
the built-in displacement of the pump along a 
130 curve of equal pump output and bcreaaris 
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output pressure with an rncrease fn load, 
whereby the pressure foss of the variable 
pump is reduced and the output torque of the 
engine by which the pump Is driven is effec- 
'5 tlvely utilized. 

These objects are attained by a method of 
controlling an oirtput of an engine provided 
with an electronic governor device and/or at 
least one variable displacement hydraulic pump 
10 driven by the engine, characterczed in that, 
when the engine Is operated in a range of 
high speed revolutions approximate^ equal to 
or exceeding the number of revohrtions at a 
rated point on a governor control curve spe- 
15 crfic to the engine, the engine is operated by 
the action of the eJectronrc governor device at 
a given point on a curve of equal horsepower 
where an engine output torque Is higher than 
that In the range of the high speed revolutions 
20 and where fuel consumption Is lower than that 
In the range of the high speed revolutions, so 
that the engine and/or the pump may be op- 
erated with a high efficiency. 
According to another aspect of the present 
26 invention, there is provided a method of con- 
trolling an output of an internal combustion 
engine provided with an electronic governor In 
which the output setting for the engine Is vari- 
able in a plurality of modes to after a torque 
30 requirement of a variable displacement hydrau- 
lic pump driven by the engine, which com- 
prises operating the engine In such a manner 
that the output torque of the engine in a 
range of high speed revolutions at a rated 
35 point of each of the modes is altered to that 
at a given point on a curve of equal horse- 
power of the engine in each mode where a 
maximum output torque point of the migine on 
the equal horsepower curve is adjacerrt 
40 thereto and where fuel consumption Is lower 
than that in the range of the high speed revo- 
lutions. 

According to still another aspect of this In- 
vention, there is provided a method of con- 

45 trolling an output of an imemal combustion 
engine provided with an electronic governor 
and adapted for driving at least a variable dis- 
placement hydraulic pump, which comprises 
reducing the number of revolutions of the en- 

50 gine in accordance with a ratio of reduction in 
the output torque of the engine to a level 
below a preset value. 

According to a further aspect of the present 
invention, there rs provided a method of con- 

55 trolling an output of an Internal combustion 
engine provided with an electronic governor 
and a variable displacement hydrauJic pump 
driven by the engine, which comprises main- 
taining a swash plate for the pump at a maxl- 

60 mum angle to maximize its built-in displace- 
ment at a low load, increasing the output tor- 
que of the engine along a curve of equal en- 
gine horsepower within a predetermined range 
of equal fuel consumption to increase the out- 

65 put pressure of the pump, and decreasing the 



angle of the swash pJate, while maintaining 
the output torque of the engine at its in- 
creased level, to decrease the built-in displace- 
ment of the pump along a curve of equal 
70 pump output and rncrease Its output pressure 
with an increase in load. 

These and other objects* features and ad- 
vantages of this invention will become appar- 
em to anybody of ordinary skill in the art from 
75 the following detailed description and the ac- 
companying drawings. 

BHiEF DESCRIPTION OF THE DRAWINGS 
Figure / is a graph showing the conven- 
80 tional control of an engine by a mechanical all- 
speed type governor; 

Figure 2 la a graph showing the conven- 
tional output control for a variable displace- 
ment hydraulic pump; 
85 Figure 3 is a general circuit diagram of a 
control system embodying the method of this 
Invention for controlling the outputs of an en- 
gine and a plurality of variable displacement 
hydraulic pumps which are driven by the en* 
90 gine; 

Figura 4 Is a diagram showing a first em- 
bodiment of the method of this invention for 
controlling the output of an engine; 
Figure 5 is a block diagram of a control 
95 system which Is employed for^canymg out the 
method shown In Rg. 4; 

Figure 6 is a diagram showing a method 
embodying this Invention for controlling the 
output of a variable displacement hydraulic 
too pump; 

Figure 7 Is a graph showmg the output of 
the pump controlled by the method shown in 
Rg. 6; 

Figure 3 is a diagram showing a second 
105 embodiment of the method of this invemlon 
for controlling the output of an engine; 

Figure 9 \s a block diagram of a control 
system which is employed for carrying out the 
method shown in Fig. 8; 
110 Figure 10 is a governor control curve for 
the engine controlled by the method shown in 
Rg. 8; 

Figure 11 Is a diagram showing a third em- 
bodiment of the method of this invention for 
115 controlling the output of an engine; 

Figure 12 is e diagram showing the control 
of a variable displacement hydraulic pump 
matching the nnethod shown in Fig. 1 1 ; 
Figure 75 is a graph showing the output of 
120 the pump obtained by the comrol shown in 
Rg. 12; 

Figure 14 Is a block diagram of a comrol 
system which is employed for carrying out the 
controls shown in Rgs. 11 and 12; and 
125 Rgure IS is a graph showing the engine 
output control achieved by the method shown 
in Rg. 11. 

DETAILED DESCRIPTiON OF THE PREFERRED 
130 Ei\/IBODiMENTS 
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10 pump 2A through a valveAtAs^Z^l., 

tote c^irSiS^ P-P 2^ » c^nS^ 
fl^ « ^ *''~9'' " control valve fiS 

well as those of ths servo motors ^^ sh 
f[* *«"«"?ted ,0 the comrTlK ?.?Se ' 
change swnch is shown at J3. The oirtmTr 

35 men?',^ iL" "'^1™? *''°^"fl » embodi- 
tT^i^in invention for con- 

trollhg the output of the engine, A, B and C 

Z^^^S^"""."?'"^ indicating the number of 
revokrtwns of the engine and its output torooe 

40 pump dnven by the engine and set for prcT 

duoing a maximum output to produce the 

maxjmum output in three diffe^t model L, 

" «»Pectn'e«y. In other words. A B 

iLs fwV^ points for the first to 

45 third modes, respectively. 

Curves a, b and c of equal engine hora». 

power pass through the Sled to^S pS^A 

B and C, respectiveiy. Curves a 1 

t o !f r ' ^' respectively, and points D 

""^'^ ^to^TSZ'ZV^ 

*e hrst mode L., a curve BE in the second 
°' ^ ^^'^ *a third mo*. U 
dependmg on a change in load. One of ihe 

«.^lf.f"*'*" ^J'^^'" "lay be osed for 

^Ing out the first embodiment of tfTa 

65 Sam of ?ln S'T"?" ^ block 

"agram of Fig. 5. A signal corresponding to 



iT^ i'Jil* "T^^* °^ «volutlort8 

h W« A -IS""?' °^ revolutions st the pofnt D 
SJSl.V*'* '«P'«seming the targe? 

So ^Z!"?^' '^^« a signal mpro- 
80 the Inri^'*wShiTj"'^ °^ revolution N of 
I2f-.® been detected by the 

?f r« "^^^ to an opZor 

senting theft- difference &H l'=Nr -lui -rlL 

^° f. te also inputted to the 

fuel Bijector 9 to control it in a^ordar^ »lh 

tJ^'T T^" etectronlcS^morT 
l.e., along the curve AO in Fig. 4, so thrt the 

95 ^^^l °( revolutions of the Ingi^ nSTb? 

iZr^ correspondlnlcurv^ of 

SS^ ""-"ber of revo- 

S^wTr*^' ^^"^ " ° to match with the 
hydraulic pumps. 

of''iJ!'!„^.** *e output 

of the engine is likewise controlled along the 

'^"i'' "o^^POwer^U 
spectivefy. as shown in Fig. 4 

ins „ torques of the engine at the 

105 maxunum load points D. E and F define a 
tS^^M' therebetween which is smaller 
B ^S?.""^ ^' « points A. 

f^S:J^ """"" * fwluction in the differ- 
lio o?^ TP"' P'rt^ancea To. T, and T, 
tlO of the pump defined by its output per rev<Ju- 
t,on and ,ts output pressure wiin I? L ^ 

SoinSirr«„HT'"« ^ 
Fia i H f^!"*! ^' '^P^^'^^W. as shown in 
115 ^mI - 'J^'^^°'*'' the pump 

m,^^ J^*^^**3"f '^''^'""9 '^'«b 
mum efficiency In the first mode L, works effi. 
cantly In the other modes, too. Each^e 
curves b„ and b. In Fig. 6 is a 5 
ir>n f*'"lP"'"P efficiency. Fig. 7 is a graph show- 
120 «g the arn^„„, ^, "^^^ thL^urJ^h 
each of the modes L, to L,. 

Reference is now made to Fig. 3 showino a 
second embodimant of the method of tWs in 
ventwn for controfling the output of the en- 

r^-Z'"' '"""^^ charactered by comrol- 
flng the number of revolutions of the ^ 
along a cuive CJ passing through the poinTof 
minimum fuel consumption on the curve of 

130 .L '**!P?^^' ^ reduction in the out- 
130 put torque of the engine as a result of a de- 
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crease In load, as opposed to the conven- 
tionaf method which controls the output of the 
engine along a curve a e«endlng from the 
rated point C of the engine output along tlie 
5 curve showing the control by a mechanteai alf- 
speed governor without taking the fuel con- 
sumption into account. 

The conventional control curve CI crosses 
the curve d of equal horsepower at a point G 
10 on the curve a, of equal fuel consumption. 
Therefore, the fuel consumption of the eng/ne 
at the pofrrt G is a, {g/ps.hj. The curve d. 
however, crosses also the curve of equal 
fuel consumption. As the amount a, is smaller 
15 than a^. the engine consumes a smaller 

amount of fuel when operated at the point H, 
than at the point G. if the points of minimum 
fuel consumption are likewise obtained for aH 
the other points of horsepower, they define 
20 the curve CJ which enables the control of the 
engine output with a redtiction In fuel cof>- 
sumption. 

if the method of this invention Is applied to 
a system including a hydraulic pump as shown 
25 in Fig. 9, a change fci the nunnber of revolu- 
tjons of the engine at a low load is likely to 
bring about a change in the operating speed 
of an actuator. Therefore, the angle of a 
swash plate for the pump is so controlled as 
30 to erisure that the delivery flow rate Q (liters/- 
mm.) of the pump, which is equal to its built- 
in displacement q {cc/rev.) multiplied by the 
number of revolutions N (rpm) of the engine, 
be constant. 
35 Referring further to the control system of 
Fig. 9, a signal P representing the actual out- 
put pressure of the pump Is Inputted from a 
pump output pressure detector 23 to en oper- 
ator 16, and a signal X representing the actual 
40 output of the pump from a pump tilting detec- 
tor 14 to the operator 15. The load torque of 
the pump is thereby calculated and a torque 
signal T is inputted from the operator 15 to 
an operator 16. The operator 16 compares 
45 the torque T with the target torque To set by 
a throttle lever, end only whan T ia smaller 
than Tq, it outputs a signal ropraaendng their 
difference AT {«To— T). 
The appearance of the difference AT means 
50 that the engine 1 has begun to operate at a 
lower load, and defines a basis for the curve 
CJ shown in Fig. 8, The signal AT is inputted 
to a first function generator 17 and converted 
to a signal AN representing the difference in 
55 the number of revolutions of the engine. The 
first functfon generator 17 is designed for 
storing AT and AN In a relationship defining 
the curve CJ . The signal AN Is inputted to a 
second, a third and a fourth fur)ction generator 
60 18,19 and 20. It is converted by the second 
function generator IB to a rack posrtion 
change signal M to set the amount Y of fuel 
injection, and by the third function generator 
1 9 to set fuel injection timing f. If the differ- 
65 ence AN between the target number of revolu- 



tions of the engine and Its actual number of 
revolutions is large, the rack displacemem M 
Is accordingly decreased and the fuel Injection 
timing t slowed down to reduce the amount Y 
70 of fuel ifijection by the fuel Injector 9 and 
thereby lower the number of revolutiona of 
the engine. This lowering In the number of 
revolution of the engine ia likely to cause a 
sudden change In the output of the pump and 
75 therefore a sudden change in the operating 
speed of the actuator. Therefore, the fourth 
function generator 20 converts the signal AN 
to a pump tilting signal X end Inputs it to an 
operator 21 to whfch a signal representing the 
80 number of revolution N of the engine is also 
Inputted. The operator 21 sets a tfiting angle 
for the pump enabling a constant product of 
X and N to maintain a constant pump output. 
The greater the lowering In the number of 
85 revolution of the engme (i.e., the larger ANJ, 
the greater the pump tilting signal X is, so 
that the output of the punrip may always be 
maintained at a constant level. 
Fig. to shows the curve CJ established 
90 based on AT and AW. The symbois T© and Nr 
indicate the target (or initial) values set by the 
throttle lever. 

According to a third embodiment of this in- 
vention. It controls the outputs of an engine 
95 and the variable dfsplacennent hydrauGc 
whSch are difven by the engine. Referring to 
Rg. 1 1, the output of the engine Is controlled 
by an electronk: governor along a curve from 
the rated load point C, representing the num- 
too ber of revolution and output torque of the en- 
gine raqulrod for achieving the maxinrtum out- 
put of the pump, to the point K, at which the 
curve crosses a curve d of equal fuel con- 
sumption passing through the point C,. When 
105 the output of the engine has reached the point 
K„ a signal representing the output pressure 
of the pump and a signal representing the 
number of revolution of the engine are pro- 
cessed by a microcomputer. The angle of the 
1 10 swash plate for the pump is controlled in ac- 
cordance with the output of the microcompu- 
ter to maintain an equal horsepower. As a 
result, the pump is controlled along the curve 
K,K, shown in Fig. 12. The curve C|K, in Fig. 
115 12 is a conventional control curve. 

The bulk-In displacement of the pump In- 
creases along the curve from point K, to K, 
with a reduction of the load thereon. When it 
has reached the point K, at which the swash 
120 plate has a maximum angle, the swash plate 
is maintained at Its maximum angle by a signal 
from a potentiometer, and the fuel injector is 
so controlled ea to reduce the amount of fuel 
injection and thereby control the output of the 
125 engine along the curve K,C, In Fig. 1 1. The 
output performance of the pump obtained by 
the control as hereinabove described is shown 
In Fig. 13. It shows a curve of equal horse- 
power defined by the combination of the en- 
130 gine control curve C|K, and the pump control 
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curve K,K,. 

OS hereinabove <S^S!, ,^''""1? 
5 block diagram 0*^ 14 Tht^**" «he 
engine Js set at the AuIlJ *^ »»» 

Referring further to Fiq. 14 a fiinn»» d 

f.r« function generator 17 iJ ^' ^' 

an ..r^l ^ " ""'^ «ven Jf the toraue mav 
60 undergo any further change (i.e., AT tov 

equal to m^. Accordingly, the rack disolaes 
ment signal M remains^a^ual to SSi? 

66 li. Therefore, the engine continues tojrodu^e 
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in case AT is larger than ATo, the outwit of 

tS--r^'<^tr^^^^ 

75 equal ft, x,. the pump Is tiIteT« a maxtaJ^ 
ang^e. and if X Is smaller than ^ thS iST 
AV*^ P'-nP fa decreaTed an?^8^tDot 

toad (see Fig, 13) ' change m 

«" the control 



CLAIMS 

intlrn^f^^!!^'^-^ contfoWing an output of an 
^ternaJ combustfon engine provided witbTn 
electronic governor mAnma 
at least o„l va*;^?^^^^!^^^ <" 

of hiah rJn^ " *'P«"««' 'n » range 

to S^L^!^'^:^""''"" "PPraxhnately equal 
to or exceedmg the number of revolutions of 
the engine at a rated point on a gwa^ 

of equal hof sepovirer of the engine where an 
engine output torque Is higher Than A^* 5^ 
^^^nJ*" ^'^^ revolutions and 

los ^ consumption is lovi^er than that In 

^ '^'^ "9^ ^ revolutten™ 
«he engine and/or the pump^y be 
operated with s high efficiency. " 

1 in °"»PU« setting for the engine is 

110 variable in a plurality of modes to aK 

que requirement of a variable displacei^nlnt L 
draulic pump driven by the engine. cheXlr- 

1 1B *^ ""'P"* torque of the engine in 

oc^f^?^^/"' ''A^P**"' revolutions at a ramd 
point of each of aeid modes la altered to that 
at a given point on a curve of equal horse- 
power of the engine in each moSTwh^, 

120 the equal horsepower curve is adjacent 

.h^ h T,'* "Z*^^ consumptten is lower 
S,Sr'''"^-^""'''^*P-^ 

125 w^rei? Z^^^l^l L^^^T, 
gine IS reduced in accordance wWi a Sfo 

a level below a predetermined value, 
irin ..iT" . as set forth in cl^ i 

130 Wherein a swash plate for the pur^is meh- 
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talned at a maximum angle to maximize the 
. bu«t4n dtsplacemeni of the pump at a low 
load, the output torque of the engine is in- 
creased along said curve of equal horeepower 
5 within said predetermfned range of equal fuel 
consumption to increase the output pressure 
of the pump, and whfle said increased output 
torque of the engine is maintained at it is, 
said angle of said swash plate is decreased to 
10 reduce said buflt-in dispiacement of the pump 
atong a curve of equal pump output curve to 
thereby increase the output pressure of the 
pump with an increase in said load. 

5. A method as set forth in claim 3. 

16 wherein the number of revolutions of the en- 
gine is reduced along a curve starting at said 
rated point and drawn by a locus of points of 
minimum fual consumption on aH the curves 
of equal fuel consumption below said rated 

20 point. 

6. A method of controlling an output of an 
intemal combustion engine substanttalty as 
hereinbefore described with reference to the 
accompaning drawings. 




PAGE 2S/2S « RCVD AT 1/23/2007 3:18:47 PM [Eastem Standard Time] * SVR:USPTO-EFXRF-«/43 * DNIS:2738300 * CSID:+1 212 319 5101 * DURATION (mm-88):00-10 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the appHcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR Opt^ACK AND WHITE PHOTOGRAPHS 

□ SCALE DOCUMENTS 

"U LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIB1T(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



